The effect of rheumatoid arthritis on the anatomy of the cervical spine has not been clearly documented. We studied 129 female patients, 90 with rheumatoid arthritis and 39 with other pathologies (the control group). There were 21 patients in the control group with a diagnosis of cervical spondylotic myelopathy, and 18 with ossification of the posterior longitudinal ligament. All had plain lateral radiographs taken of the cervical spine as well as a reconstructed CT scan. The axial diameter of the width of the pedicle, the thickness of the lateral mass, the height of the isthmus and internal height were measured. The transverse diameter of the transverse foramen (d1) and that of the spinal canal (d2) were measured, and the ratio d1/d2 calculated.
The effect of rheumatoid arthritis on the anatomy of the cervical spine has not been clearly documented. We studied 129 female patients, 90 with rheumatoid arthritis and 39 with other pathologies (the control group). There were 21 patients in the control group with a diagnosis of cervical spondylotic myelopathy, and 18 with ossification of the posterior longitudinal ligament. All had plain lateral radiographs taken of the cervical spine as well as a reconstructed CT scan. The axial diameter of the width of the pedicle, the thickness of the lateral mass, the height of the isthmus and internal height were measured. The transverse diameter of the transverse foramen (d1) and that of the spinal canal (d2) were measured, and the ratio d1/d2 calculated.
The width of the pedicles and the thickness of the lateral masses were significantly less in patients with rheumatoid arthritis than in those with other pathologies. The area of the transverse foramina in patients with rheumatoid arthritis was significantly greater than that in the other patients. The ratio of d1 to d2 was not significantly different. A high-riding vertebral artery was noted in 33.9% of the patients with rheumatoid arthritis and in 7.7% of those with other pathologies. This difference was statistically significant. In the rheumatoid group there was a significant correlation between isthmus height and vertical subluxation and between internal height and vertical subluxation.
Between 36% and 86% of patients with rheumatoid arthritis (RA) have some involvement of the cervical spine, [1] [2] [3] and atlantoaxial subluxation is relatively common. [4] [5] [6] [7] [8] [9] Most of these patients can be managed conservatively, although operative treatment may be needed to treat progressive neurological impairment or radiographic instability. [4] [5] [6] [7] [8] [9] [10] Chung et al 11 have reported that the axis in patients with RA has a thinner isthmus and lateral mass than is found in other patients. Otherwise, the effects of RA on the anatomy of the cervical spine have not yet been fully explained.
Atlantoaxial transarticular screw fixation is a standard procedure for patients with atlantoaxial instability and provides rigid fixation and a high fusion rate. 12, 13 For patients whose cervical anatomy renders them unsuitable for this procedure, lateral mass fusion with a plate or screws may be used. [14] [15] [16] Pedicle screw fusion has been used successfully in those with disease of the mid to lower cervical spine. [17] [18] [19] It may be combined with atlantoaxial fusion to prevent progressive adjacent level instability, which is seen in some patients with RA. [6] [7] [8] 10 However, injury to the vertebral artery, spinal cord or nerve roots may occur because of the complex anatomy of the occipitocervical region. 13, [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] Consequently, pre-operative CT imaging is essential to avoid critical damage with its resultant complications. 24, [29] [30] [31] [32] The purpose of this study was to identify the anatomical variation that occurs in female patients with RA. We felt that this information would help to prevent the complications and poor outcomes that can occur with this type of surgery.
We concentrated on females, as RA is eight times more prevalent in women than men.
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Materials and Methods
Between April 2004 and September 2007, 129 women had plain lateral radiographs and reconstructed CT scans of the whole cervical spine taken at our university hospital. The patients fell into two groups: 90 with RA and 39 with other pathologies.
The mean age of those with RA were 62.7 years (23 to 86). The diagnosis of RA was confirmed by a rheumatologist (SN). Each patient had a history of RA for more than two years (2 to 43) and no clinical history of major cervical trauma. Four of the patients with RA had previously undergone a posterior atlantoaxial fusion.
The mean age of the 39 women with other pathologies was 60.7 years (38 to 83). Of these, 21 had a diagnosis of cervical spondylotic myelopathy and 18 had ossification of the posterior longitudinal ligament. This group of 'controls' was somewhat biased by these diagnoses and probably differed significantly from a general population of agematched patients. However, they were the best that were available to us. Normal subjects were impossible to recruit because of the need for CT scans and radiographs. Scanning protocol. Atlantoaxial subluxation and superior migration of the odontoid process were both measured from lateral radiographs. 34 The atlantodental interval was measured from dynamic lateral radiographs. Vertical subluxation was measured using the methods described by Ranawat and Redlund-Johnell and Pettersson. 4, 34, 35 The CT scans were obtained using a multislice scanner (Siemens Medical Solutions, Erlangen, Germany). Image data were obtained in 1 mm slices, reconstructed by the highresolution kernel and transferred onto digital software (Aquarius NET Server, Terarecon Inc, Tokyo, Japan).
The software generated three-dimensional orthogonal (axial, sagittal and coronal) scans and synchronised with multiplane. A midline sagittal and axial reconstruction of the atlantoaxial facet joint was performed with validation of the trajectory through the C1-2 transarticular screw. Placement of the C1-2 transarticular screw was virtually determined by the software. A high-riding vertebral artery was defined as an internal height of the axis < 2 mm, and an isthmus height < 5 mm on the reconstructed CT images. 36 Axial images were obtained of the isthmus of the pedicle, and its outer width was measured from C2-7 ( Fig. 1) . The thickness of the lateral mass was measured from its posterior cortex to the posterior edge of the transverse foramen. The areas of the left and right transverse foramina were measured. The transverse diameter of the right and left transverse foramina (d1) and the transverse diameter of the spinal canal (d2) were measured, and a ratio d1/d2 calculated. Two orthopaedic surgeons (KH, TE) analysed the data independently. Statistical analysis. The demographics of the patients with RA were compared with those of other pathologies. The anatomical difference in isthmus height and internal height of the lateral mass, and the difference in the incidence of a high-riding vertebral artery between the RA group and the controls were compared using the Mann-Whitney U test and the chi-squared test for independence. Means and SD were calculated for all dimensions of the pedicle and the thickness of the lateral mass. The distribution of these was then plotted for each cervical level. The relationship between a high-riding vertebral artery and atlantoaxial subluxation of the cervical spine (atlantodental interval (ADI)) 4, 34, 35 was investigated using Pearson's correlation coefficient. Regression analysis was performed using simple regression. All statistical analyses were performed using StatView, version 5.0 (Abacus Concepts, Berkeley, California) with p < 0.05 considered statistically significant.
Results
The demographic data for all patients are shown in Table I . There was no significant difference in age or height between the two groups. The lateral radiographs of the cervical spine in the patients with RA showed significant abnormalities in terms of both atlantoaxial and vertical subluxation. Pedicle width. The mean pedicle widths from C2-7 in patients with RA were significantly less than those in the control group (Fig. 2) . It was < 3.5 mm in 107 of 1080 pedicles (9.9%) in the patients with RA (C2 26; C3 32; C4 27; C5 13; C6 9), whereas in the control group it was < 3.5 mm in eight of 468 pedicles (1.7%) (C2 1; C3 2; C4 3; C5 1; C6 1). Lateral mass thickness. From C3-7, the mean thicknesses of the lateral masses in the patients with RA were significantly less than those in the control group (Fig. 2) . It was < 9 mm in 71 of 900 lateral masses (7.9%) in the patients with RA (C3 14; C4 9; C5 2; C6 9; C7 37), whereas in the control group it was < 9 mm in 12 of 390 lateral masses (3.1%) (C3 2; C4 1; C6 1; C7 8). Area of transverse foramen. The mean areas of the transverse foramina from C1-5 in the patients with RA were significantly greater than that in the control group (Fig. 3) . On the other hand, the ratio of d1/d2 was not significantly different at any level between C1 and C5 (Fig. 3) . High-riding vertebral artery. There were significant differences in the mean isthmus heights and the mean internal heights between the RA patients and the control group. A high-riding vertebral artery was present in 33.9% (61 of 180 joints) of the RA patients and in 7.7% (6 of 78 joints) of the controls: this difference was significant (Table I) .
A statistically significant positive correlation was observed between isthmus height and vertical subluxation in the patients with RA as measured by the Ranawat (R = 0.312, p < 0.0001) and the Redlund-Johnell method (R = 0.369, p < 0.0001). A statistically significant positive Fig. 1 The measurement of isthmus height (arrowhead) and internal height (arrow) on sagittal reconstructed CT images. The pedicle isthmus width (a) was measured from C2-7. The distance of the lateral mass thickness (b) was measured from the posterior cortex to the posterior edge of the transverse foramen. The areas of the transverse foramina were measured; black mesh circle (c). The transverse diameter of transverse foramina (d1) and the transverse diameter of spinal canal (d2) were measured, and the ratio d1/d2 calculated.
correlation was also observed between the internal height and vertical subluxation as measured by the Ranawat (R = 0.310, p < 0.0001) and the Redlund-Johnell method (R = 0.310, p < 0.0001) (Fig. 4) . There was a significant negative correlation between isthmus height and the atlantodental interval, and a significant negative correlation between isthmus height (Y = -0.167 X + 5.552, R = -0.157, p < 0.0001) and a history of RA (Y = -0.754 X + 19.545, R = -0.235, p < 0.0001) in the patients with RA.
In each patient there was a significant difference in isthmus height and internal height between the two sides. The mean isthmus heights on the right and left sides were 7.4 mm and 6.2 mm, respectively. The mean internal heights of the right and left sides were 7.6 mm and 5.4 mm, respectively. A high-riding vertebral artery was apparent in 25 (9.7%) joints on the right and 42 (16.3%) on the left.
Discussion
The most important results to come from this comparison between women with RA and those with other pathologies are: 1) the mean pedicle widths and thickness of the lateral mass in the patients with RA were significantly less than those with other pathologies; 2) the mean area of the transverse foramen from C1-5 in the patients with RA was significantly greater than that in those with other pathologies; on the other hand, the ratio of d1/d2 was not significantly different at any level from C1-5; 3) a high-riding vertebral artery was present in 33.9% of the patients with RA and 7.7% in those with other pathologies: this difference was significant; 4) a statistically significant correlation was observed between isthmus height and vertical subluxation in the patients with RA. Previous studies have shown that a high-riding vertebral artery was present in 13% to 23%. 10, 27, 36 Chung et al 11 reported that a high-riding vertebral artery was present in 54% (15 of 28 joints, 9 of 14 patients) of patients with RA and in 12% (3 of 26 joints, 2 of 13 patients) of those without. The isthmus and internal heights of the axis in women with RA were statistically significantly less than those in the female control group. Simple regression analysis showed a correlation between isthmus height and vertical subluxation as well as a correlation between the internal height and vertical subluxation. There was a significant correlation between isthmus height and the width of the atlantodental interval. RA causes a loss of tensile strength and stretching of the transverse and alar ligaments, which in turn causes atlantoaxial and vertical subluxation. [37] [38] [39] Our study shows that vertical subluxation shows a positive correlation with a lowering of isthmus height as well as a high-riding vertebral artery.
It is unclear from previous studies whether there is bilateral symmetry of high-riding vertebral arteries. 27, 29, 36 Our data show that there are significant differences between the left and right sides, with the left more likely to have a high-riding vertebral artery. Thus, in a patient with a high-riding vertebral artery on the left, transarticular screw fixation could be a better procedure for the right side, whereas the left would be suitable for posterior wiring. Several of the patients with RA had an enlarged transverse foramen, which may conceivably have housed a tortuous vertebral artery. 20, 28 The mean area of the transverse foramen in the patients with RA was significantly greater than that in those with other pathologies. However, the ratio of the width of the spinal canal to the transverse diameter of the transverse foramen was not significantly different between the two groups. This suggests that thinning of both the width of the pedicle and the thickness of the lateral mass in the patients with RA, caused by loss of bone from both sides (i.e. the transverse foramen and the spinal canal), is the result of RA.
Multiplanar reconstructed CT can provide an accurate image of the course of the vertebral artery. This study provides additional morphological data from a large number of women with RA and other pathologies. It is also the first to show that both the width of the pedicle and the thickness of the lateral mass in patients with RA are less than in those with other pathologies, and that a high-riding vertebral artery occurs with vertical subluxation. This adds to our understanding of the effect of RA on the cervical spine.
No benefits in any form have been received or will be received from a commercial party related directly or indirectly to the subject of this article. Pearson's correlation coefficient Graphs showing statistically significant correlations with simple regression analysis were observed between isthmus and length, and between internal height and length in 90 patients with rheumatoid arthritis measured using the methods of Ranawat 4 and Redlund-Johnell. 34, 35 
